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(w)  Nuclear  reactor. 

(£)  Nuclear  reactor  with  a  reactor  core  enclosed  in  a 
waterfilled  core  vessel,  the  core  vessel  being  con- 
nected  to  an  inlet  and  an  outlet  for  cooling  water, 
comprising  at  least  one  hydraulic  connection  be- 
tween  the  outlet  and  at  least  one  heat  exchanger,  at 
least  one  hydraulic  connection  between  the  inlet  and 
said  heat  exchanger,  a  re-circulation  pump  (17)  for 
transporting  cooling  water  through  said  reactor  core, 
and  lower  and  upper  density  locks  (5,6)  for  said  core 
vessel,  said  core  vessel  and  said  reactor  core  being 
enclosed  in  a  containment  space  10,11  which  is 
filled  and  pressurzied  with  a  neutron  absorbing 
aqueous  solution.  To  be  able  to  design  a  smaller  unit 
of  nuclear  power  plant,  according  to  the  invention, 
the  containment  vessel  10,11  of  pre-stressed  con- 
crete  has  been  made  in  the  form  of  a  bottle.  In  this 
way,  a  "conventional"  pump  with  a  shaft  packing 

"and  a  dry  motor  can  be  used  by  locating  the  motor, 
*for  driving  the  pump  for  circulation  of  the  process 
D  water,  in  a  sealed,  detachably  connected  steel  dome 
J  16.  When  being  removed,  the  steel  dome  16  pro- □  . . . .  
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Nuclear  reactor 

The  invention  relates  to  a  nuclear  reactor  ac- 
cording  to  the  precharacterising  part  of  Claim  1  . 

As  is  well-known,  the  SECURE  reactor  is  avail- 
able  in  two  versions,  namely,  SECURE-H  for  dis- 
trict  heating  and  SECURE-P  for  the  production  of 
electric  power.  Internationally,  SECURE-P  is  most 
often  known  under  the  designation  "PIUS",  the 
word  being  an  acronym  for  the  term  "Process 
Inherent  Ultimate  Safety". 

A  number  of  different  configurations  for  these 
reactors  have  been  studied.  Common  for  all  of 
them  is  that  the  reactor  core  is  located  in  the  lower 
part  of  a  large  pressure  vessel  of  pre-stressed 
concrete.  This  vessel  is  filled  with  water  containing 
boric  acid  with  a  boron  content  of  about  0.25%. 
The  water  is  cooled  by  heat  exchangers  placed  in 
the  pool,  so  that  the  temperature  is  normally  main- 
tained  at  about  50°C.  Under  the  core  there  is  an 
opening,  designated  density  lock,  between  the  cir- 
culating  water  system  which  cools  the  core  and  the 
above-mentioned  pool.  In  this  opening,  which  con- 
sists  of  a  number  of  parallel  vertical  tubes,  hot 
cooling  water  is  stably  stratified  over  colder  pool 
water.  Above  the  core,  the  hot  water  coming  from 
the  core  flows  upwards  through  a  riser.  At  a  certain 
distance  above  the  core,  which  varies  between  the 
variants  described  below,  the  riser  com  municates 
with  the  pool  via  an  additional  opening,  designated 
upper  density  lock,  which  operates,  in  principle,  in 
the  same  way  as  the  lower  one.  With  the  aid  of  a 
control  system,  the  flow  through  the  core  is  main- 
tained  at  such  a  level  that  no  flow  through  the 
density  locks  takes  place  during  normal  operation. 
In  the  case  of  disturbances  which  are  of  interest 
from  the  point  of  view  of  safety,  this  control  cannot 
be  maintained.  A  flow  through  the  density  locks 
takes  place,  boric  acid  containing  water  reaches 
the  core  and  the  core  is  shut  off. 

On  the  afore-mentioned  fundamental  principle 
of  the  SECURE  reactor  a  variety  of  different  con- 
figurations  of  reactor  systems  are  based. 

A  plant  with  a  total  power  of  about  600  MWe 
may  contain  three  so-called  steam  generating 
moduls  instead  of  one  larger  core,  which  supplies 
several  steam  generators  plus  pumps.  The  mod- 
ules  are  located  inside  a  concrete  vessel,  each 
having  a  reactor  core,  a  steam  generator,  and  a 
circulation  pump.  The  concrete  vessel  used,  to  a 
certain  extent,  resembles  a  gigantic  version  of  a 
Quintus  autoclave,  because  a  cover  of  traditional 
type  is  impossible  with  the  chosen  inner  diameter 
of  the  pressure  vessel,  i.e.  13.4  m.  Because  of  this 
large  diameter,  the  steam  generating  modules  can 
be  lowered  into  and  lifted  out  of  the  pressure 
vessel  for  installation,  repair,  etc.  below  the  con- 

crete  arch  positioned  thereabove. 
When  it  comes  to  designing  a  smaller  unit  with 

a  single  module,  the  Quintus  vessel  model  is  no 
longer  suitable.  The  concrete  vessel  diameter 

5  would  be  too  small  to  allow  lifting  in  or  out  a 
module  with  a  reasonable  height  of  the  concrete 
cover.  The  small  vessel  diameter  would  also  make 
it  difficult  to  use  a  wet  motor  pump  placed  adjacent 
to  the  reactor  core  and  the  steam  generator. 

w  The  invention  aims  to  find  a  design  for  a  nu- 
clear  reactor  of  the  above-mentioned  kind  which  is 
suitable  for  smaller  nuclear  reactor  units. 

To  achieve  this  aim  the  invention  suggests 
nuclear  reactor  according  to  the  introductory  part  of 

75  Claim  1,  which  is  characterized  by  the  features  of 
the  characterizing  part  of  Claim  1  . 

Further  developments  of  the  invention  are  char- 
acterized  by  the  features  of  the  additional  claims. 

With  the  design  according  to  the-  invention  a 
20  reactor  is  placed  at  the  centre  of  a  concrete  vessel. 

The  shape  of  the  vessel  resembles  a  bottle. 
With  the  design  according  to  the  invention  a 

reactor  is  placed  at  the  centre  of  a  concrete  vessel. 
The  shape  of  the  vessel  resembles  a  bottle.  The 

25  "cork"  in  the  bottle  is  a  steel  dome  which  is 
secured  to  vertical  bracing  cables.  Instead  of  using 
a  wet  motor  pump,  a  "conventional"  pump  with  a 
shaft  packing  and  a  dry  motor  is  utilized,  which  is 
mounted  at  the  centre  of  the  steel  dome.  The  water 

30  flows  straight  up  from  the  core  through  a  riser  to 
•this  pump.  The  pump  presses  down  the  process 
water  through  the  tube  bundle  of  the  steam  gener- 
ator  to  the  inlet  chamler  of  the  core,  where  the 
cycle  starts  again. 

35  The  thermal  power  of  the  steam  generator  has 
now  increased  from  670  to  1000  MWth.  The  steam 
generator  is  suspended  from  brackets  mounted  in 
the  wall  of  the  concrete  vessel,  as  shown  in  the 
figures.  If  the  steam  conduits  extend  through  a 

40  wall,  the  use  of  a  bellows-type  arrangement  is 
necessary.  The  steam  for  pressurization  is  located 
at  the  top  in  the  steel  dome  at  the  side  of  the 
pump  installation. 

For  refuelling  the  circulation  pump  is  removed. 
45  This  makes  the  core  accessible  through  the  riser. 

The  refuelling  is  carried  out  with  an  advanced 
manipulator  which  is  inserted  through  the  riser  and 
operates  above  the  core.  The  fuel  is  taken  out 
through  the  riser  and  is  placed  by  means  of  an- 

50  other  manipulator  into  cassettes  located  inside  the 
concrete  vessel  outside  the  steam  generator. 

If  necessary,  the  steam  conduits  may  be  dis- 
mantled  and  the  whole  steam  generating  module 
be  lifted  out  of  the  concrete  vessel. 

One  difficulty  with  th.e  afore-mentioned  embodi- 

2 
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mem  is  mat  a  steam  collecting  tank,  from  the 
underside  of  which  -  i.e.  the  tube  plate  -  extend 
steam  generator  tubes,  is  subjected  to  an  external 
overpressure.  Designed  in  accordance  with  the 
ASME  standards,  it  will  therefore  be  very  thick- 
walled  and  the  thermal  transients,  which  occur  e.g. 
when  the  circulation  pump  stops,  may  lead  to  dif- 
ficult  problems.  To  avoid  such  problems,  other 
locations  of  the  steam  generator  have  been  cho- 
sen. 

The  invention  will  now  be  described  in  greater 
detail  with  reference  to  the  accompanying  drawings 
showing  -  by  way  of  example  -  in 

Figure  1  a  single-module  reactor  with  the 
heat  exchanger/steam  generator  above  and  outside 
the  reactor  pool, 

Figures  2-5  in  section  and  from  above  alter- 
native  solution  for  a  reactor  arrangement, 

Figures  6  and  7  schematic  alternative  solu- 
tions  for  a  heat  exchanger/steam  generator  ar- 
rangement, 

Figure  8  the  arrangement  of  the  boron  accu- 
mulator  inside  the  riser. 

To  avoid  the  problem  with  external  overpres- 
sure  on  the  steam  collecting  tank,  this  tank  has 
been  moved  out  of  the  concrete  vessel  10,11  and 
constitutes  the  upper  part  of  the  steel  dome  16  in 
the  "bottleneck"  of  the  concrete  vessel,  as  shown 
in  Figures  1  ,5,6.  The  steam  generator  tube  bundle 
4  to  a  large  extent  fills  up  the  "bottleneck"  and 
extends  a  certain  distance  below  this.  A  disadvan- 
tage  of  this  is  that  a  fairly  small  volume  for  pres- 
surization  steam  is  left.  The  upper  density  lock  6 
must  be  moved  down  below  the  steam  generator 
tube  bundle,  whereas  in  the  previous  design  it  was 
located  above  the  steam  generator.  A  consequence 
of  this  is  that  the  hot  water  with  a  low  boron 
content  in  the  upper  part  of  the  riser  I  and  in  the 
tube  bundle  4  of  the  steam  generator  remains  there 
after  a  stoppage  of  the  circulation  pump.  Start-up 
of  the  pump  after  cooling  of  this  water  and  after 
disintegration  of  Xenon  135  could  result  in  a  reac- 
tivity  accident  One  way  of  preventing  this  is  to 
send  the  water,  coming  from  the  steam  generator 
tube  bundle  4,  as  a  driving  flow  in  jet  pumps  which 
suck  water  from  those  areas  lying  below  the  den- 
sity  lock  where  the  water  is  highly  borated,  as 
shown  in  the  figures. 

Refuelling  can  either  be  carried  out  with  a 
manipulator,  as  in  the  above-mentioned  alternative, 
Dr  after  removal  of  the  entire  steam  generator.  In 
the  first-mentioned  case,  however,  the  spent  fuel 
:annot  be  placed  inside  the  concrete  vessel  since 
the  volume  outside  the  steam  generator  is  not 
accessible. 

Steam  generation  inside  tubes  which  are  under 
an  external  overpressure  from  the  primary  coolant 
mplies  an  unconventional  design  involving  rela- 

tively  considerable  development  expenditure.  By 
disposing  the  entire  steam  generator  above  the 
concrete  vessel,  a  more  conventional  emlodiment 
for  nuclear  steam  generators  can  be  chosen,  i.e. 

5  with  the  primary  coolant  inside  the  tubes  and 
steam  generation  on  the  outside  thereof. 

When  arranging  the  steam  generation  equip- 
ment  (essentially  steam  generator  +  pump)  inside 
the  concrete  vessel  together  with  the  core  and  the 

10  natural  circulation  system,  which  guarantees  the 
safety  via  the  borated  water  pool,  it  is  suitable  for 
several  reasons  to  use  the  module  principle.  If  this 
equipment  is  located  outside  the  concrete  vessel, 
the  importance  of  the  modular  concept  is  to  a 

75  certain  extent  lost.  If  greater  power  is  desired  than 
is  available,  for  technical  reasons,  from  one  steam 
generator  and  one  pump,  respectively,  several 
steam  generators  must  be  used,  but  there  is  no 
corresponding  incentive  to  divide  the  core  into  sev- 

20  eral  parts. 
The  previously  described  arrangement  with  a 

centrally  placed  steam  generator  means  that,  in 
practice,  the  steam  generator  has  to  be  removed 
for  refuelling,  and  this  cannot  be  used,  of  course,  if 

25  several  units  have  to  be  used  for  capacity  reasons. 
In  that  case,  the  steam  generator  is  connected  to 
the  central  steel  dome  16  above  the  "bottleneck" 
of  the  concrete  vessel  by  means  of  conduits.  As  in 
all  previous  cases,  the  steam  generator  is  designed 

30  as  a  one-passage  apparatus,  i.e.  feed  water  is 
supplied  at  its  lower  end  and  dry  steam  is  taken 
out  at  its  upper  end.  The  primary  water  flows 
downwards  while  being  cooled.  When  the  steam 
generator  is  positioned  at  the  side,  one  tube  with 

35  primary  water  leads  to  the  upper  end  of  the  steam 
generator  and  one  tube  leads  to  the  lower  end 
thereof.  Circulation  pumps  are  advantageously 
placed  below  the  steam  generator  so  that  they 
pump  cooled  water.  The  pump  is  advantageously 

K  designed  with  a  wet  motor  and  is  then  of  the  type 
previously  used  for  boiling  reactors.  The  arrange- 
ment  for  controlling  the  water  flow  inside  the  steel 
dome  is  clear  from  Figure  5.  The  riser  1  extends 
from  the  core  2  up  beyond  the  level  where  the  flow 

ts  to  the  steam  generator  is  taken  out.  The  steam 
generator  is  disposed  with  its  upper  end  below  this 
outlet  point.  Normally,  four  steam  generators  are 
used,  each  one  being  disposed  with  suitable  radi- 
ation  shielding  in  one  of  the  bracing  ducts  for  the 

so  horizontal  bracing  cables  of  the  concrete  vessel. 
When  the  flow  is  taken  out  from  the  vertical 

riser  1  to  the  (normally  four)  tubes  to  the  steam 
generators,  it  is  accelerated  up  to  a  relatively  high 
velocity  whereby  the  static  pressure  drops  so  that, 

is  in  operation,  it  is  considerably  lower  than  that  of 
the  surroundings.  This  provides  a  possibility  of 
admitting,  via  a  so-called  scram  valve,  cold  highly 
borated  water  from  the  pool  into  the  primary  sys- 
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tem,  thus  achieving  a  rapid  increase  of  the  boron 
content  of  the  water  and  a  reduction  of  the  power. 

According  th  the  fundamental  principle  of  the 
SECURE  reactors,  an  open  natural  circulation  sys- 
tem  is  to  be  provided  through  the  core  2,  the  riser 
1,  the  upper  density  lock  6,  the  boron  water  pool 
10,  and  the  lower  density  lock  5  and  back  to  the 
core  2.  Thus,  during  normal  operation  the  flow 
through  the  density  locks  is  prevented  by  control- 
ling  the  speed  of  the  main  circulation  pump  17. 
From  the  riser  1  this  flow  path  extends  through  the 
ports  7  (Figure  8),  shown  above  the  conduits  to  the 
steam  generators,  down  to  an  annular  gap,  the 
lower  end  of  which  consists  of  the  density  lock.  If 
the  circulation  pump  stops,  the  water  which  by 
natural  circulation  cools  the  core  will  thus  pass 
through  these  tubes.  The  water  from  the  core, 
which  in  this  situation  is  relatively  cold,  can  then 
run  into  the  steam  generator  and  replace  the  ini- 
tially  hot  water  by  cold  borated  water,  provided  that 
this  emptying  does  not  take  place  by  reverse  direc- 
tion  flow.  In  this  way  it  is  ensured  that  the  steam 
generator  will  not  contain  low-borated  water  which, 
after  start-up  of  the  pump,  might  cause  an  inadver- 
tent  criticality  when  arriving  at  the  core. 

The  riser  1  opens  out  at  the  top  into  a  steam 
volume  9,  the  pressure  of  which  pressurizes  the 
entire  volume  inside  the  concrete  vessel.  Electric 
heaters  are  immersed  into  the  uppermost  part  of 
the  pool  water,  which  is  thus  in  contact  with  the 
steam  volume.  The  upper  end  of  the  riser  should 
be  formed  such  that  sub-cooled  water  flowing  from 
the  main  circulation  system  does  not  reach  the 
surface  causing  condensation  of  pressurization 
steam  there,  for  example  by  being  filled  with  a 
bundle  of  tubes  of  a  smaller  diameter  which  kill  the 
turbulence.  The  hydrostatic  pressure  balance, 
counting  from  the  lower  end  of  the  upper  density 
lock  6,  causes  the  level  at  the  upper  edge  of  the 
riser  1  to  be  higher  than  the  surrounding  pool  water 
10.  The  main  circulation  pipes,  coming  from  the 
steam  generators,  may  be  connected  at  a  some- 
what  lower  level  than  the  outgoing  pipes  to  enable 
replacement  of  the  water  content  of  the  steam 
generator  after  stoppage  of  the  circulation  pump 
through  reverse  direction  flow.  The  incoming  pipes 
from  the  steam  generators  are  connected  to  a 
horizontal  annular  chamber.  From  the  lower  side 
thereof  there  extend  a  number  of  vertical  tubes 
with  a  smaller  diameter.  These  tubes  open  up  into 
a  socalled  siphon  breaker,  which  is  simply  an  in- 
terruption  in  the  tubes.  After  having  passed  over 
this  "gap",  the  flow  again  passes  into  vertical  tubes 
which  are  then  enlarged  into  a  diffuser,  the  static 
pressure  thus  increasing. 

The  static  pressure  after  the  diffuser  shall  be  of 
such  a  magnitude  that  it  is  just  sufficient  to  press 
the  intended  flow  down  into  the  inlet  plenum  of  the 

core.  A  second  pressure  condition  is  that  the  static 
pressure  inside  the  pipe  at  the  opening  shall  be  the 
same  as  in  the  surrounding  water;  otherwise,  there 

\will  be  an  inward  or  outward  net  flow  which  will 
5  cause  a  mixing  of  water  of  two  different  tempera 

tures,  which  is  harmful  from  the  point  of  view  of 
energy.  The  tube  diameter  at  the  siphon  breaker 
must  be  adapted  such  that  both  the  above  pres- 
sure  conditions  apply.  The  final  adapting  may  have 

io  to  be  made  in  connection  with  the  hot  testing 
operation  of  the  plant. 

The  siphon  breaker  has  a  threefold  task: 
-To  serve  as  a  siphon  breaker  in  the  case  of  a 
rupture  at  a  low  level  in  a  main  circulation  pipe,  for 

is  example  at  the  lower  end  of  a  steam  generator. 
Otherwise,  a  considerable  part  of  the  water  volume 
of  the  reactor  pool  may  be  lost  through  siphon 
effect. 
-To  serve  as  a  flow  path  when  replacing  the  water 

20  content  of  the  steam  generator  in  case  of  a  pump 
stoppage. 
-To  serve  as  an  outlet  for  steam,  generated  in  the 
external  circuit,  in  the  case  of  pressure  loss  tran- 
sients. 

25  The  siphon  breakers  are  normally  located  so 
as  to  be  situated  in  the  upper  part  of  the  riser, 
although  -  to  avoid  turbulence  problems  -  they  are 
shielded  in  relation  to  the  main  flow  of  the  riser. 
However,  they  may  be  alternatively  located  in  the 

30  gap  down  to  the  upper  density  lock.  The  diffuser 
tubes  located  below  siphon  breakers  open  out  into 
an  annular  chamber,  arranged  above  the  riser, 
which  forms  the  upper  end  of  the  annular  down- 
comer  which  extends  all  the  way  down  to  the  inlet 

35  plenum  of  the  core.  The  plant  components  de- 
scribed  above  are  all  welded  together  to  form  a 
steel  structure  which,  in  connection  with  refuelling, 
is  removed  as  one  unit  (referred  to  here  as  the 
upper  flow  guide  structure,  UFGS)  after  the  lid  of 

40  the  pressurization  volume  has  been  removed. 
In  operation,  a  surrounding  downwardly-direct- 

ed  flange  on  the  UFGS  seals  by  means  of  metallic 
rings  against  a  plane  upwardly-directed  shelf  on 
the  inner  periphery  of  the  surrounding  steel  vessel. 

45  This  seal  separates  high-borated  pool  water  in  the 
middle  from  low-borated  process  water  nearest  the 
wall.  The  flange  is  connected  to  a  vertical  sheet- 
metal  shield  which  is  welded  to  the  main  circulation 
pipes  extending  through  the  shield.  A  shield  is 

so  positioned  immediately  inside  the  outer  pressure- 
supporting  wall,  except  at  the  above-mentioned 
tube  passages,  where  jt  is  withdrawn  and  leaves 
room  for  a  sealing  device  which  is  accessible  from 
above  and  consists  of  a  bellows  which,  in  opera- 

55  tion,  presses  a  tubular  sleeve  against  a  plane  open- 
ing  at  the  orifice  of  the  outgoing  tubes,  thus  obtain- 
ing  sealing. 

The  upper  flow  part  is  pressed  by  means  of 

4 
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elastic  giraers,  ic-aaea  trom  trie  vessel  cover, 
against  the  above-mentioned  surrounding  seal. 
When  removing  the  UFGS  prior  to  re-fuelling,  the 
tubular  seals  (which  are  preferably  eight  in  .num- 
ber)  are  pressed  back  with  the  aid  of  a  tool  op- 
erable  from  above,  so  that  the  UFGS  can  be  lifted 
out  in  its  entirety.  In  the  same  plane  (at  the  same 
"shelf")  as  the  large  surrounding  seal  there  may  be 
a  numter  of  smaller  tubular  seals  which,  when  the 
UFGS  is  pressed  down,  provide  sealing  between 
conduits  extending  from  below,  which  conduits  at  a 
lower  level  pass  through  the  pressure-supporting 
wall,  and  tubes  in  the  UFGS,  which  proceed  down- 
ward  in  this  flow  guide  structure.  These  tubes  ac- 
commodate,  among  other  things,  the  flow  from  the 
reactivity  control  system  as  well  as  pressurization 
water  to  the  scram  valves.  By  using  the  above- 
mentioned  arrangement,  these  tubes  need  not  be 
dismantled  separately  in  connection  with  refuelling. 

The  guide  tubes  for  the  core  instrumentation 
and  certain  other  instrumentation  (primarily  ther- 
mocouples  and  neutron  flux  monitors)  also  pass 
through  the  UFGS.  The  guide  tubes  consist  of 
slender  tubes  (15-25  mm  diameter),  fixed  in  a 
suitable  manner  to  surrounding  walls.  On  its  way 
to,  for  example,  the  core,  an  instrument  probe 
passes  through  several  such  guide  tubes  located 
one  after  the  other.  They  are  formed  so  as  to  have 
a  small  vertical  gap  between  them,  but  the  upper 
end  of  the  tube  located  on  the  underside  of  the"  gap 
is  formed  as  a  funnel  for  the  instrument  probe.  For 
refuelling  and  removal  of  the  UFGS,  the  instrument 
probes  are  withdrawn  so  that  they  are  positioned  in 
holes  in  the  pressure-supporting  wall  opposite  to 
the  (horizontal)  end  of  the  uppermost  instrument 
guide  tube.  The  neutron  detectors  are  thereby  sur- 
rounded  by  lead  shields.  The  thermocouples  are 
suitably  replaced  upon  each  refuelling. 

The  flow  from  the  outer  reactivity  control  sys- 
tem  consists  of  water  with  a  controlled  boron  con- 
tent.  To  achieve  an  increase  in  power,  boron-free 
water  is  supplied,  and  to  achieve  a  decrease  in 
power,  water  of  a  high  boron  content  is  supplied.  In 
continuous  operation,  the  incoming  mixture  has 
largely  the  same  boron  content  as  the  outgoing 
one.  When  supplying  boron-free  water,  it  is  impor- 
tant  that  a  main  circulation  flow  is  maintained  in 
which  the  incoming  water  can  be  mixed  in  a  con- 
trolled  manner.  Feeding  pure  water  into  the  primary 
circuit  in  the  case  of  non-operating  pumps  could 
lead  to  uncontrolled  local  accumulations  of  low- 
borated  water  with  an  ensuing  risk  of  criticality 
hcidents  upon  start-up  of  one  or  more  pumps. 
However,  it  must  be  assumed  that  pumping  of 
Doron  water  into  the  primary  circuit  in  the  case  of 
ion-operating  pumps  may  take  place  by  mistake. 
The  pumping  in  of  the  water  is  therefore  carried 
Dut  in  such  a  way  that  the  pure  water  flows  out  into 

the  pool  instead  of  into  the  primary  system  in  this 
case.  The  pumping  in  of  water  from  outside  takes 
place  through  one  or  more  tubes  into  a  pocket 
located  adjacent  to  the  upper  density  lock.  It  can 

5  be  assumed  that  the  incoming  pure  water  is  colder 
than  the  water  in  the  primary  system  where  the 
latter  is  heated,  in  ter  alia,  by  the  decay  water  of 
the  core.  If  the  pump  is  not  operating,  this  cold 
water  will  simply  flow  over  the  edge  into  the  above- 

70  mentioned  pocket  and  disappear  out  into  the  pool 
through  the  upper  density  lock.  If  the  pumps  are 
operating,  however,  the  water  is  sucked  in  through 
a  tube,  parallel  to  a  tube  from  the  scram  valve,  to 
the  exhaust  tube  of  the  respective  steam  generator 

75  and  is  then  mixed  into  the  primary  system. 
At  its  bottom,  the  UFGS  is  in  contact  with  and 

seals  against  the  twin  tube  which,  in  the  centre 
tube,  transports  water  upwards  from  the  core  and 
which,  in  the  annular  gap,  transports  water,  coming 

20  from  the  steam  generators,  to  the  core.  This  plant 
component  is  here  referred  to  as  the  lower  flow 
guide  structure  (LFGS)  The  seal  is  achieved  by 
compressing  two  concentric  bellows.  The  outer  one 
of  the  two  concentric  tubes  in  the  LFGS  is  conically 

25  enlarged  at  its  lower  part  and  is  bolted  at  its  lower 
part,  via  a  flange,  to  that  cylindrical  structure,  fixed 
to  the  bottom  of  the  concrete  vessel,  in  which  the 
reactor  core  is  mounted,  this  structure  being  here 
referred  to  as  the  core  vessel. 

30  The  inner  tube  in  the  lower  flow  part  seals  by 
means  of  an  elastic  sealing  ring  against  a  cylinder 
which  is  concentric  with  the  core  vessel  and  is 
referred  to  as  the  core  barrel.  The  core  barrel  is 
mounted  in  a  plane  near  the  above-mentioned 

35  flange  of  the  core  vessel  and  at  its  lower  part  is 
connected  to  a  grid,  which  supports  the  fuel  as- 
semblies  of  the  core.  The  lower  edge  of  the  core 
barrel  is  provided  with  projections  which,  in  the 
same  way  as  teeth,  extend  into  outlets  in  the  lower 

to  edge  of  the  core  vessel,  thus  preventing  horizontal 
movements  of  the  core  barrel  caused  by  earth- 
quake  forces. 

Thus,  the  incoming  main  circulation  flow  ex- 
tends  from  the  LFGS  through  the  gap  between  the 

te  core  vessel  and  the  core  barrel  and  in  under  the 
grid  supporting  the  core  and  from  there  into  the 
fuel  assemlies  of  the  core.  In  addition,  each  fuel 
assembly  has  a  separate  inlet  for  water  from  the 
pool  which  arrives  at  the  core  in  the  event  of 

io  certain  transients,  for  example  stoppage  of  a  cir- 
culation  pump.  This  water  arrives  from  the  lower 
density  lock  and  is  collected  in  a  lower  plenum, 
from  where  the  above-mentioned  separate  inlet  to 
each  fuel  assembly  extends. 

is  Like  the  upper  density  lock  6,  the  lower  density 
lock  5  preferably  consists  of  a  bundle  of  open 
tubes,  in  which  hot  water  is  superimposed  on  cold 
water.  The  tubes  are-  preferably  welded  at  their 

l 
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lower  part  to  a  plate,  which  in  its  periphery  is 
welded  to  a  cylindrical  casting  which  constitutes 
the  outer  casing  of  the  density  lock.  This  outer 
casing  is  insulated  against  the  cold  pool,  positioned 
outside  thereof,  by  means  of  so-called  wet  insula- 
tion.  On  top  of  this  insulation,  along  the  upper  part 
of  the  density  lock,  there  is  possibly  arranged  a 
zone  with  hot  water  by  allowing  a  tube,  opening 
into  the  outlet  side  of  the  core,  to  suck  water  from 
the  bottom  of  a  cylindrical  gap,  the  upper  end  of 
which  is  in  contact  with  the  inlet  side  of  the  core. 
This  hot  gap,  in  turn,  is  heat  insulated  on  its 
outside.  Above  the  actual  density  lock  there  is 
arranged  a  buffer  zone  of  approxi-mately  the  same 
volume.  In  case  of  transients,  for  example  a  brief 
short-circuit  on  the  electric  grid,  the  "boundary" 
between  hot  process  water  and  cold  pool  water  is 
temporarily  displaced  upwards  into  this  buffer 
zone,  whereby  an  undesired  reactivity  disturbance 
is  avoided.  The  buffer  volume  is  maintained  hot  in 
the  same  way  as  the  above-mentioned  gap  by  a 
tube  -  opening  out  at  the  lower  end  of  the  buffer 
zone  -  transporting  water  directly  to  the  outlet  ple- 
num  of  the  core. 

The  primary  circuit  of  the  reactor  consists  of 
the  following  main  components;  a  reactor  core  in  a 
reactor  vessel;  a  riser;  a  circulation  system;  and  a 
steam  generator. 

The  reactor  core  2  is  a  typical  PIUS  core, 
which  means  that  it  has  fuel  rods  of  approximately 
the  same  thickness  as  the  fuel  rods  in  boiling  water 
reactors  but  only  half  the  length  thereof.  The  core  2 
is  supplied  with  water  from  an  inlet  chamber  and 
leaves  its  water  to  the  riser  1  of  the  primary  circuit. 
The  reactor  core  2  is  surrounded  by  a  core  vessel 
8.  The  core  vessel  8  has  thin  walls,  and  between  it 
and  the  core  barrel  the  lowermost  part  of  the 
downcomer  3  of  the  primary  circuit  is  located.  This 
downcomer  3  terminates  in  the  inlet  chamber  of 
the  reactor  core  2. 

The  riser  1  of  the  primary  circuit  is  an  approxi- 
mately  18  m  high  vertical  tube  with  a  diameter  of 
1.5  m.  This  tube  is  placed  above  the  reactor  core 
2,  and  the  hot  water  from  the  core  2  rises  upwards 
through  the  riser  1  since  it  is  lighter  than  the  cold 
water  which  surrounds  the  riser.  This  is  the  effect 
also  known  as  the  "chimney  effect".  At  a  height  of 
18  m  above  the  core  top,  the  riser  changes  into  a 
somewhat  more  slender  but  similarly  vertical  tube, 
which  is  the  inlet  tube  of  the  circulation  system.  At 
the  top  the  riser  is  connected  to  an  outer  annular 
chamber  for  the  upper  density  lock  6.  The  riser  has 
double  walls  in  the  same  way  as  the  reactor  vessel 
and  the  inlet  tubes  of  the  circulation  pump.  The 
annular  gap  between  the  two  tubes  is  also  referred 
to  as  the  downcomer  3  of  the  circulation  system.  At 
the  top,  the  outer  walls  of  the  riser  are  connected 
by  means  of  seismic  supports  18  to  the  walls  of 

the  concrete  vessel.  In  connection  with  refuelling, 
the  supports  are  detached  from  the  walls  and  ac- 
company  the  riser  out  of  the  concrete  vessel. 

In  the  direction  of  flow,  the  circulation  system 
5  consists  of  the  following  components:  the  riser  1  of 

the  primary  unit;  the  central  inlet  tube  of  the  steam 
generator;  the  re-circulation  pump  17;  the  outlet 
chamber  of  the  circulation  pump;  the  steam  gener- 
ator  tubes  4;  the  outlet  chamber  of  the  steam 

10  generator;  the  downcomer  of  the  intermediate  unit; 
the  downcomer  3  outside  the  riser;  and  the  down- 
comer  in  the  core  vessel. 

The  riser  1  of  the  primary  unit  consists  of  a 
vertical  tube  with  a  diameter  of  about  1  m,  which  at 

75  its  bottom  part  constitutes  an  upward  extension  of 
the  riser  and  at  its  top  part  seals  against  the  central 
inlet  part  of  the  steam  generator. 

The  central  inlet  tube  of  the  steam  generator  4 
is  a  vertical  tube  with  a  length  of  about  12  m  and 

20  with  an  inner  diameter  of  about  1  m  which  intercon- 
nects  the  two  tube  plates  of  the  steam  generator. 

The  re-circulation  pump  17  takes  water  from 
the  above-mentioned  tube  and  presses  is  out  into 
the  outlet  chamber.  The  pump  is  a  centrifugal 

25  pump  of  the  same  type  as  is  used  in  conventional 
pressurized  water  reactors. 

The  outlet  chamler  of  the  circulation  pump  is  a 
hemispheric  space,  the  lower  limit  of  which  con- 
sists  of  the  upper  tube  plate  of  the  steam  gener- 

30  ator. 
The  steam  generator  tubes  (about  15,000  with 

a  free  tube  length  of  about  12  m)  are  attached  to 
the  upper  and  lower  tube  plates. 

After  flowing  through  and  cooling  in  the  tubes, 
35  the  water  flows  out  into  the  outlet  chamber  of  the 

steam  generator.  This  chamber  has  a  height  of 
about  2  m  and  contains  a  package  of  tubes,  which 
at  least  at  their  lower  end  are  welded  to  a  plate, 
through  which  tubes  the  water  flows  but  on  the 

40  outside  of  which  there  is  stationary  water  of  the 
same  pressure.  The  task  of  this  battery  of  tubes 
(or,  alternatively,  stainless  steel  in  other  configura- 
tions)  is  to  lower  the  speed  of  the  temperature 
reduction  in  the  lower  tube  plate  of  the  steam 

45  generator  when  the  circulation  system  enters  into 
operation.  This  can  be  done  by  successively  heat- 
ing  the  cold  water,  coming  from  below,  when  it 
passes  through  these  tubes  before  reaching  the 
lower  tube  plate.  The  water  then  flows  in  a  direc- 

50  tion  opposite  to  that  during  normal  operation. 
The  downcomer  of  the  intermediate  unit  col- 

lects  the  flow  from  the  outlet  chamler  of  the  steam 
generator  and  transports  it  downwards  to  the  down- 
comer  3  connected  to  the  riser  1.  The  upper  part  of 

55  the  downcomer  has  the  shape  of  a  funnel,  the 
upper  edge  of  which  is  welded  to  a  ring  with  seals- 
on  its  upper  and  lower  sides,  which  ring  is  bolted 
between  the  flanges  of  the  steam  generator  and 

6 
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trie  pressurization  space.  This  nng  is  provided  with 
welded  lead-throughs  for  core  instrumentation 
(thermocouples  and  neutron  detectors)  for  opera- 
tion  water  to  the  cut-off  valve  for  water  from  the 
reactivity  control  system  with  a  controlled  boron 
content,  etc.  The  funnel  terminates  in  a  vertical 
tube,  surrounding  the  riser  of  the  intermediate  unit, 
which  seals  by  means  of  bellows-type  seals 
against  the  downcomer  outside  the  riser. 

The  steam  generator  of  the  primary  circuit  sur- 
rounds  the  previously  mentioned  inlet  tube.  It  con- 
sists  of  a  number  of  vertical  steam  generator  tubes, 
which  are  attached  to,  for  example,  two  conven- 
tional  tube  plates,  one  in  the  upper  end  of  the 
steam  generator  and  one  in  the  lower  end  thereof. 
The  circulation  pump  imparts  such  a  pressure  to 
the  water  of  the  primary  circuit  that  is  passes 
through  the  tubes  of  the  steam  generator  and  con- 
tinues  from  their  lower  end  down  through  the  pre- 
viously  mentioned  downcomer.  On  the  outside  of 
the  steam  generator  tubes  there  is  water  which  is 
brought  to  boil,  and  in  this  way  the  heating  effect  of 
the  reactor  is  transmitted  to  a  non  radioactive  outer 
system.  The  steam  can,  for  example,  be  used  to 
drive  a  turbine.  In  operation,  the  steam  generator  is 
bolted  to  the  flange  on  the  upper  edge  of  the 
pressurization  space.  The  steam  generator  can  be 
mounted  inside  a  concrete  containment,  which  is 
fixed  to  the  concrete  vessel  by  means  of  exten- 
sions  of  vertical  bracing  cables,  thus  sealing 
against  the  concrete  vessel. 

The  reactor  pool  10  is  a  pool  of  water  which 
surrounds  the  primary  system.  It  has  for  example  a 
volume  of  about  1700  m3  and  fills  up  the  inner 
volume  of  the  concrete  vessel  1  1  an  approximately 
half  the  pressurization  space.  The  water  in  the 
reactor  pool  is  a  solution  of  boric  acid  and  has  a 
boron  content  of  about  0.2  %.  To  shut  off  the 
reactor,  normally  only  a  fraction  of  this  concentra- 
tion  is  needed.  The  two  density  locks  5,  6  con- 
stitute  open  connections  between  the  primary  cir- 
cuit  of  the  reactor  and  the  reactor  pool.  Both  den- 
sity  locks  consist  of  a  bundle  of  vertical  tubes,  the 
upper  ends  of  which  are  located  in  the  hot  primary 
system  water  and  the  lower  ends  of  which  are 
located  in  the  cold  pool  water.  In  the  tube  bundles 
a  temperature  gradient  is  formed.  In  the  lower 
density  lock,  the  area  of  which  is  about  0.5  m3  and 
the  tube  height  of  which  of  about  1  m,  the  bound- 
ary  between  hot  low-borated  water  and  cold  high- 
oorated  water  is  maintained  at  a  constant  level  by 
neans  of  speed  control  of  the  circulation  pump.ln 
the  upper  density  lock  6,  the  level  of  the  boundary 
s  maintained  constant  by  volume  control  of  the 
water  content  of  the  primary  circuit. 

If  the  re-circulation  pump  17  is  shut  off,  or  if 
the  re-circulation  system  is  otherwise  disturbed,  the 
Dositions  of  the  boundaries  in  the  density  locks  will 

be  displaced.  The  hot  water  of  the  riser,  for  exam- 
ple  in  the  event  of  a  pump  stop,  will  flow  out,  in 
natural  circulation,  into  the  reactor  pool  through  the 
upper  density  lock,  and  the  lost  water  is  re  placed 

5  by  pool  water  which  flows  into  the  primary  circuit 
through  the  lower  density  lock.  The  power  of  the 
reactor  will  be  transferred  to  the  reactor  pool  in- 
stead  of  to  steam  on  the  secondary  side  of  the 
steam  generator.  However,  this  power  will  rapidly 

10  drop.  When  the  highly  borated  pool  water  arrives  at 
the  reactor  core,  the  reactor  is  rapidly  shut  down 
and  its  power  drops  to  a  residual  power  of  a  few 
per  cent. 

The  reactor  can  thus  be  shut  down  very  rapidly 
75  by  stopping  its  re-circulation  pump.  A  milder  way 

of  carrying  out  the  same  shutdown  is  to  open  a 
hydraulic  valve  which  connects  the  reactor  pool  to 
a  location  in  the  riser  which  has  underpressure  in 
relation  to  the  pool.  When  such  a  valve  is  opened, 

20  the  reactor  is  shut  down  in  about  80  seconds  and 
the  temperature  conditions  are  changed  more  slow- 
ly  in  thick-walled  steel  parts  in  the  primary  circuit 
than  in  the  case  of  a  pump  stop. 

In  the  case  of,  for  example,  a  stoppage  of  the 
25  re-circulation  pump,  hot  water  with  a  low  boron 

content  will  remain  in  the  steam  generator  and  in 
its  branch  pipes  and  outlet  pipes.  The  above-men- 
tioned  circuit  replaces  this  water  by  pool  water. 
The  shutdown  circuit  takes  water  in  the  reactor 

so  pool  and  leaves  it  in  the  same  after  passage  of  the 
primary  side  of  the  steam  generator  and  of  a  heat 
exchanger.  During  normal  operation,  a  flow  which 
is  parallel  to  the  inlet  flow  passes  via  the  shutdown 
circuit,  but  this  does  no  harm  since  the  heat  ex- 

35  changer  of  the  circuit  then  has  no  water  on  its 
secondary  side.  If  the  reactor  is  shut  off  because 
the  recirculation  pump  stops,  the  water  circulates 
(in  the  reverse  direction  via  the  shutdown  circuit 
because  the  secondary  side  of  the  heat  exchanger 

to  has  been  filled  up.  This  is  prevented  during  normal 
operation  by  the  pressure  of  a  fan,  mounted  on  the 
pump  motor  shaft,  preventing  water  from  a  pool 
located  at  a  high  level  from  flowing  out  via  the  heat 
exchanger. 

ts  If  the  pump  stops,  the  pressure  caused  by  the 
fan  ceases  and  the  water  from  the  pool  runs 
through  the  heat  exchanger  and  cools  its  contents 
of  water  on  the  primary  side.  The  cooled  water 
flows  down  to  the  volume  above  the  upper  density 

>o  lock  and  from  there  out  into  the  pool.  It  is  replaced 
by  water  of  a  high  boron  content  coming  from  the 
pool.  This  causes  the  primary  side  of  the  steam 
generator  to  become  filled  with  borated  pool  water 
and  means  that  a  start-up  of  the  re-circulation 

is  pump  does  not  involve  any  risk  of  the  reactor 
suddenly  becoming  critical. 

The  pressure  vessel  system  of  the  reactor  con- 
sists  of  the  concrete  vessel  and  the1  steel  vessel 
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with  the  pressurizer. 
Up  to  a  height  of  20  m  above  the  top  of  the 

reactor  core,  the  primary  circuit  is  enclosed  within 
a  vessel  of  prestressed  concrete.  This  vessel  has 
for  a  reactor  with  1000  MW  power  an  inner  diam- 
eter  of  9.5  m.  The  upper  four  meters  have  the 
somewhat  smaller  diameter  of  7  m.  The  vertical 
bracing  cables  of  the  concrete  vessel  surround  the 
vessel  half-way,  and  both  their  ends  are  secured 
by  tie  bars  to  the  upper  end  surface  of  the  vessel. 
Some  of  these  tie  bars  have  the  additional  object  of 
keeping  the  casing,  surrounding  the  steel  vessel  of 
the  reactor,  in  position.  The  horizontal  bracing  ca- 
bles  of  the  concrete  vessel  are  full-turn  cables  and 
are  braced  against  projections  on  the  envelope 
surface  of  the  vessel.  The  design  pressure  of  the 
concrete  vessel  is  10.5  MPa.  The  concrete  vessel 
is  internally  coated  with  a  stainless  steel  liner.  It  is 
in  its  entirety  filled  with  the  water  of  the  reactor 
pool.  Inside  the  concrete  there  is  a  cast-in  steel 
diaphragm  as  an  additional  leakage  barrier. 

The  steel  vessel  of  the  reactor  is  an  extension 
in  the  upward  direction  of  the  concrete  vessel.  It  is 
divided  into  the  following  spaces;  the  pressurization 
space  and  the  outlet  chamber  of  the  steam  gener- 
ator;  the  steam  generator  space;  and  the  outlet 
chamber  of  the  circulation  pump.  These  spaces  are 
separated  from  each  other  by  the  two  tube  plates 
of  the  steam  generator. 

The  pressurization  space  is  surrounded  by  a 
vertical  steel  cylinder,  which  is  designed  for  an 
internal  overpressure  of  10.5  MPa.  It  has  an  inner 
diameter  of  5.2  m  and  a  height  of  8  m.  The  lower 
half  of  the  space  is  filled  with  water  from  the 
reactor  pool,  which  is  maintained  at  saturation  tem- 
perature  with  the  aid  of  electric  heating  elements. 
The  upper  half  of  the  pressurization  space  is  filled 
with  steam. 

The  steam  generator  space  (the  secondary 
side)  is  surrounded  by  another  vertical  steel  cyl- 
inder  which  is  designed  for  an  internal  overpres- 
sure  of  5.0  MPa.  Its  diameter  is  3.2  m  and  its 
height  12  m. 

The  outlet  chamber  of  the  circulation  pump  is 
provided  with  a  hemispheric  cover.  It  is  designed 
for  an  internal  over-pressure  of  10.5  MPa.  The 
steam  volume  of  the  pressurizer  consists  of  the 
upper  half  of  the  volume  in  the  lower  cylinder  of 
the  steel  vessel.  The  pressurizer  is  filled  with 
steam,  which  in  operation  is  maintained  at  a  pres- 
sure  of  9.0  MPa.  The  steam  is  generated  by  elec- 
tric  immersion  heaters  immersed  into  the  water. 

Those  conditions  in  the  primary  circuit  which 
above  all  must  be  kept  under  supervision  by 
means  of  instruments  are  neutron  flux  distribution 
and  temperatures.  Tubes  to  the  sensors  of  these 
instruments  primarily  extend  up  through  the  riser  to 
a  point  just  below  the  lower  tube  plate  of  the  steam 

generator.  At  that  point  they  deviate  in  a  horizontal 
direction  and  extend  out  through  the  flange  ring  of 
the  intermediate  unit. 

In  the  case  of  loss  of  pressure  in  the  pres- 
5  surizer  (e.g.  because  of  a  leakage),  generation  of 

steam  takes  place  in  the  water  in  the  hot  primary 
circuit,  and  the  circulation  pump  will  be  positioned 
in  a  steam  bubble  and  will  be  substantially  ineffec- 
tive.  The  water  in  the  steam  generator  tubes  and  in 

10  the  downcomer  below  it  will  boil  and  will  find  its 
way  out  to  a  lower  pressure,  among  other  things  by 
flowing  downwards  towards  the  lower  density  lock. 
This  may  cause  the  water,  flowing  through  the 
lower  density  lock  to  the  core,  to  become  dis- 

75  placed  and  the  reactor  to  become  critical  because 
of  the  low  boron  content  in  the  water  coming  from 
the  downcomer  (the  boron  content  being  the  same 
as  the  original  one  prior  to  the  leakage)  If,  in 
addition,  the  temperature  of  the  water  has  been 

20  reduced  by  the  emission  of  steam,  the  temperature 
of  the  reactor  fuel  may  become  higher  than  the 
original  one  because  of  the  negative  moderator 
temperature  coefficient  of  the  reactivity,  whereby 
damage  to  the  core  cannot  be  excluded. 

25  The  task  of  the  system  described  here  is  to 
mix  water  flowing  from  the  downcomer  3,  because 
of  the  pressure  reduction,  into  the  inlet  plenum  of 
the  core  2  with  water  having  the  high  boron  content 
of  the  pool  10,  thus  making  it  impossible  for  the 

30  reactor  to  become  critical.  The  system  comprises 
an  elongated  container  12  (referred  to  as  boron 
accumulator)  located  inside  the  riser  1  ,  the  top  and 
bottom  of  this  container  communicating  with  via 
slender  pipes  13  with  the  pool.  In  operation,  a  slow 

35  natural  circulation  flow  of  the  pool  water  will  take 
place  through  the  container.  This  leads  to  a  certain 
heat  loss,  but  this  is  kept  low  because  the  flow  is 
small.  From  the  bottom  of  the  container  12  a  tube 
14  extends  up  to  the  uppermost  point  of  the  pres- 

40  surizer,  after  which  point  is  turns  downwards  and 
opens  out  into  a  number  of  locations  16  (or  via  a 
distributor  ring)  in  the  lower  end  of  the  downcomer 
immediately  before  the  water  flows  in  under  the 
core  2.  At  that  point  where  the  tube  reaches  its 

45  highest  point  in  the  pressurizer  volume,  it  commu- 
nicates  via  a  small  opening  15  with  the  steam  in 
this  volume.  During  normal  operation,  the  water  in 
this  tube  is  stationary.  Upon  a  heat  pressure  reduc- 
tion,  steam  will  form  in  the  upper  part  of  the 

so  container.  This  steam  presses  out  the  contents  of 
the  container  via  the  mentioned  tube  so  that  the 
borated  water  of  the  container  is  mixed  into  the 
water  with  a  low  boron  content  coming  from  the 
downcomer,  thus  preventing  criticality  of  the  reac- 

55  tor. 
When  preparing  for  refuelling,  the  concrete 

containment  surrounding  the  steam  generator  is 
loosened  from  the  upper  side  of  the  concrete  ves- 

3 
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sei,  and  the  steam  generator  is  unbolted  from  the 
pressurization  space  of  the  steel  vessel.  The  steam 
generator  with  concrete  containment  is  lifted  some- 
what  and  is  then  transported  to  the  side  by  means 
of  a  hydraulic  and  pneumatic  sliding  device.  The 
core  instrumentation  is  then  pulled  up  from  its 
operating  position  so  that  the  sensors  are  located 
in  the  lower  end  of  those  instrument  guide  tubes 
which  terminate  at  the  lower  edge  of  the  intermedi- 
ate  unit.  The  intermediate  unit  in  its  entirety,  includ- 
ing  the  flange  ring,  is  then  lifted  out  of  the  concrete 
vessel  and  is  placed  in  a  well  at  the  side  thereof 
after  tubes,  connected  to  the  unit,  have  been  dis- 
connected.  Thereafter,  the  riser  is  removed  after 
loosening  its  bolted  joint  to  the  reactor  vessel  and 
its  seismic  supports.  What  remains  above  the  core 
is  then  a  control  grid  for  the  fuel  assemblies  with 
certain  instrument  guide  tubes.  This  control  grid  is 
then  moved  to  the  side.  The  core  is  thereafter 
freely  accessible  for  refuelling.  Spent  fuel  is  then 
located  at  the  side  in  an  available  space  in  the 
pool.  When  restoring  for  operation,  these  proce- 
dures  take  place  in  the  reverse  order. 

Service  of  the  riser  and  the  parts  of  the  circula- 
tion  system  is  preferably  carried  out  when  the 
respective  components  have  been  removed  from 
the  concrete  vessel. 

Claims 

1  .  Nuclear  reactor  with  a  reactor  core  enclosed 
in  a  waterfilled  core  vessel,  the  core  vessel  being 
connected  to  an  inlet  and  an  outlet  for  cooling 
water,  comprising: 
-at  least  one  hydraulic  connection  between  the 
outlet  and  at  least  one  heat  exchanger, 
@  at  least  one  hydraulic  connection  between  the 
inlet  and  said  heat  exchanger, 
@a  re-circulation  pump  (17)  for  transporting  cooling 
water  through  said  reactor  core,  and 
•lower  and  upper  density  locks  (5,6)  for  said  core 
vessel, 
said  core  vessel  and  said  reactor  core  being  en- 
closed  in  a  containment  space  (10,11)  which  is 
Filled  and  pressurzied  with  a  neutron  absorbing 
aqueous  solution,  characterized  in  that  the  con- 
tainment  space  (10,11)  is  bottle-shaped  with  a  ta- 
pering  upper  opening,  that  a  steel  dome  (16)  is 
arranged  above  the  upper  opening  which  steel 
dome  is  sealed  and  detachabiy  connected  to  the 
surroundings  of  the  space,  said  steel  dome  (16) 
substantially  at  the  centre  thereof  supporting  said 
re-circulation  pump  (17),  the  water  being  adapted 
to  flow  straight  up  from  the  core  through  a  riser  (1) 
to  the  pump  (17)  and  the  pump  (17)  then  pressing 
down  the  process  water  to  the  core  (2). 

2.  Reactor  according  to  Claim  1,  character- 
ized  in  that  the  heat  exchanger  function  is  ar- 

.  ranged  inside  the  bottle-shaped  containment 
space. 

5  3.  Reactor  according  to  Claim  2,  character- 
ized  in  that  the  heat  exchanger  function  in  the  form 
of  a  steam  generator  is  suspended  from  brackets 
mounted  in  the  wall  of  the  containment  space. 

4.  Reactor  according  to  any  of  Claims  2  or  3, 
w  characterized  in  that  steam  pipes  pass  out 

through  the  wall  to  the  containment  space. 
5.  Reactor  according  to  Claim  1,  character- 

ized  in  that  the  heat  exchanger  function  is  ar- 
ranged  outside  the  containment  space  but  is  con- 

75  nected  thereto. 
6.  Reactor  according  to  Claim  5,  character- 

ized  in  that  the  heat  exchanger  function  in  the  form 
of  a  steam  generator  is  connected  to  the  steel 
dome  by  means  of  conduits. 

20  7.  Reactor  according  to  any  of  the  preceding 
Claims,  characterized  in  that  by  means  of  the 
detachabiy  connected  steel  dome,  access  is  pro- 
vided,  after  detachment  of  said  steel  dome,  to  the 
riser  for  refuelling  the  reactor  core  through  the 

25  riser. 
8.  Reactor  according  to  any  of  the  preceding 

Claims,  characterized  in  that  a  boron  accumulator 
is  arranged  inside  the  riser  with  the  connection  for 
a  small  flow  to  the  inner  space. 
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